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an real-time three-dimensional echocardiography
e used reliably for the assessment of left
entricular dyssynchrony?
st-ce que l’échographie tridimensionnelle peut être utilisée de fac¸on ﬁable
ans l’évaluation d’un asynchronisme ventriculaire gauche ?
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CRT cardiac resynchronization therapy
LV left ventricle/ventricular
LVEF left ventricular ejection fraction
RT3DE real-time three-dimensional echocardiography
SDI systolic dyssynchrony index
TDI tissue Doppler imaging
The assessment of LV dyssynchrony through a variety of advanced imaging modalities has
garnered substantial interest, as current dyssynchrony markers remain equivocal for pre-Échocardiographie
tridimensionnelle ;
Asynchronisme
dicting response to CRT in patients with advanced heart failure. Current recommendations
support the use of CRT in symptomatic patients with moderate-to-severe heart failure, New
York Heart Association functional class III or IV, QRS duration greater or equal 120ms and an
ejection fraction less or equal to 35%, who have been optimized with medical therapy. This
device-based therapy has important therapeutic beneﬁts, including functional and clinical
 Additional value of three-dimensional echocardiography in patients with cardiac resynchronization therapy, Deplagne A., Bordachar P.,
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mprovements, signiﬁcant reverse LV remodelling and an
ncrease in ejection fraction on echocardiography, and most
mportantly, improved survival. QRS duration is an electri-
al surrogate for dyssynchrony and is the current standard
ariable used for patient selection; however, the 30—40%
on-responder rate underscores the need for a more pow-
rful and speciﬁc criterion for mechanical dyssynchrony.
better understanding of device-related factors that may
ffect post-implantation response directly is also required.
lthough no echocardiographic dyssynchrony variable to
ate can predict response more accurately than or supplant
he current selection criteria, the role of imaging for CRT
andidates is gaining momentum rapidly, and the successful
evelopment and validation of newer modalities for assess-
ng dyssynchrony will have a great impact on future clinical
ractice.
Colour TDI assessment of LV dyssynchrony is the most
xtensively studied echocardiographic method and a num-
er of established TDI criteria have been shown in small
tudies to be highly predictive for CRT response. Well-known
DI velocity-based indices include the Yu index, which is the
tandard deviation of time-to-peak systolic velocity of 12 LV
egments, and the Bax index, which analyses velocity delay
etween the four basal segments in the longitudinal plane
1,2]. Despite good experience with this two-dimensional
pplication, TDI has a number of limitations, including an
ngle-dependency that permits assessment of timing of
otion in the longitudinal plane only, an inability to dif-
erentiate between passive motion or tethering and active
otion, and non-simultaneous assessment of different LV
egments. The focus on longitudinal assessment with TDI
reates a signiﬁcant disadvantage, as this is an incomplete
V motion analysis and is subject to greater variability. Fur-
hermore, when a variety of TDI variables were tested with
igh-quality control in the large, prospective, multicen-
re predictors of response to CRT (PROSPECT) study, they
ere found to have only modest speciﬁcity and sensitivity
or predicting clinical response or reverse LV remodelling.
he conclusions from the study were that TDI methods can
e technically challenging and poorly reproducible and can
ield equivocal results when attempted widely. In addition,
DI dyssynchrony variables have not been advantageous for
roving beneﬁt with CRT in speciﬁc heart failure popula-
ions, such as in patients with narrow QRS width. Newer
maging methods may offer insight into the complex rela-
ionship of electromechanical delay in this group.
To overcome the limitations of TDI, RT3DE has emerged
s a newer method that offers a comprehensive and simul-
aneous assessment of intraventricular dyssynchrony. In
his issue of Archives of Cardiovascular Diseases, Deplagne
t al. describe in a small, prospective study how three-
imensional assessment of ventricular dyssynchrony can
rovide additional beneﬁt to two-dimensional dyssynchrony
ssessment in predicting response with biventricular pac-
ng [3]. This study, like others, capitalizes on the potential
dvantages of RT3DE. Three-dimensional dynamics of the
ntire LV, with angle-independent information about radial,
ircumferential and longitudinal timing, can be obtained
n a single recording with this method. Resynchronization,
mprovement in ejection fraction and a reduction in LV end-
ystolic volume, which is better for predicting improved
urvival with CRT [4], can also be assessed quickly and
i
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epeatedly with RT3DE during long-term follow-up. Indeed,
T3DE offers accurate ejection fraction and volumes esti-
ations that are similar to magnetic resonance imaging and
etter than two-dimensional imaging. Potential disadvan-
ages of this method are related largely to its novelty and
ngoing development. Concerns over poor image quality and
ow frame rates with RT3DE, the potential for disagreement
nd imperfect translation between multiple software sys-
ems used for three-dimensional analysis, the conﬂicting
esults of validation studies and the lack of clearly estab-
ished normal values still need to be resolved.
RT3DE dyssynchrony assessment is performed by tracing
ndocardial borders manually to create a three-dimensional
econstruction or ‘‘shell’’ of the LV. This LV model is then
ubdivided into 16 or 17 volumetric segments and the vol-
me changes in each segment are calculated throughout
he cardiac cycle. The dispersion in the times to minimum
ystolic volume attainment for each segment is taken and
hen superimposed as time—volume curves. Synchronous
ontraction implies that most segments will achieve mini-
um volume at the same time point in the cardiac cycle,
nd thus the time—volume curves for each region will be
ligned. In a patient with signiﬁcant dyssynchrony, the time
oints, depicted by the curves, will appear non-uniform
nd misaligned. Kapetanakis et al. developed a SDI (the
tandard deviation of the 16 segments’ time to minimum sys-
olic volume attainment, expressed as a percentage of the
ardiac cycle) to calculate the degree of global LV dyssyn-
hrony [5]. A higher SDI indicates greater intraventricular
yssynchrony, although cut-off values for signiﬁcant dyssyn-
hrony to predict CRT response are yet to be determined.
he methodology of RT3DE has been advanced by new soft-
are algorithms designed to improve the delineation of LV
orders, in order to minimize errors and the introduction
f artefacts from the manual correction of the endocardial
oundary. In addition, colour-coded parametric imaging is
pplied to the three-dimensional data to reveal maximum
yssynchrony between the areas of early and latest acti-
ation. These displays are highly intuitive, and desirable
rom an electrophysiologist’s perspective, to help guide lead
lacement that is concordant with the site of latest mechan-
cal activation.
Current normal values have been proposed in several
mall studies and are notably different. This may be
xplained in part by whether the LV segmentation model
n these studies includes the apical cap, irrespective of
hether this segmentation model is deﬁned as having 16
r 17 segments. Kapetanakis et al. set out to deﬁne the
yssynchrony index in normal patients (mean SDI 3.5± 1.8%,
ith an arbitrary cut-off for dyssynchrony greater than
hree standard deviations above this mean, or 8.3%) in a
6-segment model in which the apical cap was included
nd divided among four apical segments. This study proved
hat signiﬁcant differences in the SDI exist between groups
ith mild, moderate and severe LV dysfunction. SDI corre-
ated in a strong logarithmic fashion with worsening LVEF,
ndependent of QRS duration, and was signiﬁcantly higher
n responders to CRT compared with non-responders [5].
he negative correlation between the dyssynchrony index
nd LVEF, irrespective of QRS width, has been conﬁrmed
y another study (r =−0.91), which also sought to deﬁne
n abnormality threshold for dyssynchrony in patients with
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dilated cardiomyopathy, with andwithout left bundle branch
block, across a wide range of ages. The abnormality thresh-
old here was lower than in the study by Kapetanakis et al.
and was deﬁned as 4.0% (mean plus two standard devia-
tions of the normal controls) in a 16-segment model that
excluded the apical cap entirely. This threshold was also
found to be age- and sex-independent [6]. Furthermore, a
different group of investigators found that a cut-off SDI of
5.6% had a moderately high sensitivity and speciﬁcity for
predicting acute improvement in LV volumes with CRT [7].
Deplagne et al. quantiﬁed the SDI as the standard devia-
tion of 17 segments and showed that the three-dimensional
SDI was signiﬁcantly higher in responders compared with in
non-responders, although echocardiographic response here
was deﬁned by a 10% reduction in LV end-systolic volume
and not 15% as in other studies. Signiﬁcant improvement
in this index occurred after device implantation and inter-
ventricular delay optimization, although this trend was not
exploited further to derive normal values or a cut-off value
for predicting CRT response.
For this method to gain acceptance, larger multicentre
studies are needed to deﬁne normal values and an abnor-
mal threshold that can identify candidates for CRT reliably.
The discrepancy between using a 16-segment model (with-
out apical cap) and 17-segment model (with apical cap)
for dyssynchrony assessment also warrants clariﬁcation. The
apical cap, which is used mainly in perfusion analysis, con-
tributes little to overall ejection fraction and has minimal
endocardial excursion, which can make measurement of
time to minimum volume difﬁcult in this region. Includ-
ing the apex may therefore confound dyssynchrony analysis,
making a 17-segment model less speciﬁc and less preferable
than a 16-segment model that excludes the apical cap [6].
On a similar theme is the issue of how to incorporate dysk-
inetic or akinetic areas in the dyssynchrony analysis, as we
must ﬁrst understand how such segments can shift the SDI
and affect the accuracy of this method. A ‘‘weighted’’ SDI
that places higher value on viable segments, and on regions
that contribute the most towards systolic performance (i.e.
the basal segments), may be a more rational way of quanti-
fying dyssynchrony.
Because most experience is with TDI, and because sev-
eral TDI variables have been related to favourable response,
studies comparing RT3DE with TDI have sought to validate
this newer technique. Kapetanakis et al. found only a mod-
erate correlation (r = 0.38) between RT3DE and TDI for all
patients when using the SDI cut-off value of 8.3% for sig-
niﬁcant dyssynchrony. Burgess et al. found similar results
in 100 patients with ischaemic cardiomyopathy, with a poor
correlation (r = 0.11) between RT3DE and TDI dyssynchrony
assessment in a 12-segment model, although they used the
same SDI cut-off of 8.3% deﬁned previously by Kapetanakis
et al. [8]. This study showed that RT3DE identiﬁed a smaller
number of patients with dyssynchrony than TDI, but perhaps
a cut-off value of 8.3%, with its speciﬁcity of 100% but sen-
sitivity of only 46%, may be too high to apply to a normal
population [7]. In contrast to the ﬁndings by Kapetanakis
et al. and Burgess et al., other studies have shown a fair
degree of correlation between TDI and RT3DE. Multiple
RT3DE dyssynchrony indices, including time to minimum sys-
tolic volume for 6-, 12- and 16-segment models, were shown
in a study of 122 patients by Takeuchi et al. to have goodl echocardiography 471
orrelation (r = 0.71) and a concordance rate of 79% with a
DI index of dyssynchrony, speciﬁcally the standard devi-
tion of time to peak systolic velocity of 12 LV segments.
orrelation between RT3DE and TDI improved when a larger
umber of segments, such as in the 16-segment model, were
sed [9]. When RT3DE was compared with phase analysis of
ingle photon emission computed tomography perfusion for
yssynchrony quantiﬁcation in a small number of patients, a
ood correlation (r = 0.80) was observed [10]. Studies have
roduced conﬂicting results for validation of RT3DE, but
t should be emphasized that without a gold standard and
clear cut-off value for SDI, proper comparison between
ethods may not be possible. Furthermore, poor correlation
etween these methods is not entirely surprising, as TDI and
T3DE evaluate dyssynchrony in different directional planes
nd focus on distinct systolic indices and timings, with TDI
valuating peak tissue velocities in early systole and RT3DE
valuating minimum volumes as an expression of endocar-
ial excursion in end systole. Few studies such as the one
y Deplagne et al. have directly compared RT3DE and TDI
ndices of dyssynchrony for predicting clinical response and
everse remodelling after CRT, which is after all one of the
ore meaningful questions for understanding the true merit
f RT3DE.
There are several technical considerations for improv-
ng the use of RT3DE. Endocardial tracking, the ﬁrst step
owards creating a three-dimensional shell, depends on
xcellent imaging resolution. Improved imaging transduc-
rs are needed to produce high image quality and avert
he need for manual adjustments of border contours.
eplagne et al. acknowledge the difﬁculty of endocar-
ial tracking in patients with poor ultrasonic windows.
he authors also mention the drawbacks of using different
maging machines for making two-dimensional and three-
imensional dyssynchrony measurements. This could affect
omparisons between modalities, particularly in studies
ith a small number of subjects. We agree with these
uthors that good interobserver agreement and repro-
ucibility of RT3DE dyssynchrony measurements across
chocardiography laboratories need to be conﬁrmed before
onﬁdence in this method is gained and implementation can
ccur.
RT3DE is a promising advanced imaging modality for
yssynchrony assessment and for accurate evaluation of LV
everse remodelling with CRT. Rigorous validation of RT3DE
nd the clear establishment of cut-off values are needed
efore we can implement this technology and potentially
mprove the practice of selecting patients for CRT.
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